Index funds have grown significantly over the past decade, however empirical research concerning these passive investment offerings is surprisingly scarce in the literature. While the 'theory' and objectives of an index strategy are both simple and well known, potential difficulties arise for index managers attempting to replicate the returns of the target benchmark. The source of the problem is due to the underlying index being measured as a 'paper' portfolio and the implication that simple duplication is achievable without cost. However in reality, tracking error in index fund performance is unavoidable due to the existence of market frictions. This paper highlights the difficulties faced by index funds, examines both the magnitude and variation of tracking error over time for S&P 500 index mutual funds and provides a direct performance comparison between index and active mutual funds. This research documents S&P 500 index funds, on average, outperformed active funds after expenses over the sample period.
INTRODUCTION
"When we buy an actively managed fund, we are like gamblers in Vegas. We know it is likely to be a losing proposition, yet somehow we feel we are getting our money 's worth." The Wall Street Journal, February 27, 2001 This recent quote from The Wall Street Journal highlights both investors' and gamblers' psychology in their attempt to maximize the returns attributable to their respective activities. However, the implication of this statement is that both agents are rational with respect to the likely outcome -an acceptance of the economic and statistical laws that ensure the strategy cannot be 'successful' for all participants.
Indeed, Gruber [1996] highlights the apparent 'puzzle' surrounding the growth in actively managed mutual funds, where investors have directed significant mutual fund flows into the sector. In addition, the Investment Company Institute reported significant growth in U.S. stock mutual funds over the last calendar year. Net new cash flows increased to a record $309 billion as at December 2000, with the vast majority of net new money allocated to active funds. This preference in favour of active funds has continued despite the large volume of empirical evidence indicating active funds do not earn abnormal returns. While Zheng [1999] documents evidence of a 'smart-money' effect in the short-term, where new money flows predict future performance, in aggregate active funds with positive new money flows do not beat the market. In addition, despite performance persistence being well documented in the literature, Carhart [1997] finds the phenomenon is almost completely attributable to common factors in stock returns and investment expenses rather than superior portfolio management ability. 1 The rationale behind the average investor allocating capital to active funds appears to make little economic sense, especially when one considers the definition of a benchmark index and the implications an index has for performance measurement.
William F. Sharpe [1991] asserts in the 'Arithmetic of Active Management' that on average, active managers cannot outperform the returns derived from passive investment strategies. The reasoning is that the performance of the index equals the weighted-average return of both active and passive investors before investment expenses. Therefore by definition, active management is a zero-sum game. While the 'theory' and objectives of an index strategy are both simple and well known, potential difficulties arise for index managers attempting to exactly replicate the returns of the target benchmark. There are a number of factors which are likely to influence the magnitude of index fund tracking error, however the primary source of the problem is due to the underlying index being measured as a 'paper' portfolio, which assumes transactions may occur at any time without cost. Tracking error in index fund performance is therefore unavoidable given the existence of market frictions facing index managers. Therefore, the secondary objective for index managers involves managing these constraints so as to minimize the divergence in performance from the underlying benchmark index.
This study highlights the difficulties faced by index funds, examines both the magnitude and variation of tracking error over time for a sample of S&P 500 index mutual funds, and provides a direct performance comparison between index and active mutual funds. Consistent with the empirical evidence, S&P 500 index mutual funds are found to outperform active funds, on average, after expenses in the period examined.
THE CHALLENGE FACING INDEX MANAGERS
Index funds aim to deliver the returns and the risk of the underlying benchmark index.
Theoretically, the management of index portfolios is straightforward, requiring investment in all constituent index securities in the exact same proportion as the underlying benchmark (known as a 'full replication' strategy).
3 However in reality, fund managers adopting an indexing approach cannot be guaranteed their portfolios' performance will be identical to the benchmark index. This is due to the fact that an index represents a mathematical calculation derived from a portfolio of securities that are not subject to the same market frictions faced by index mutual funds. If the composition of the underlying index changes, the index assumes the theoretical portfolio's new weights to each security can be achieved automatically. However, index fund managers cannot make the same assumptions, as physical trading in index stocks will be required in order to re-align the portfolio to mimic the underlying benchmark. Market frictions in the management of passive portfolios ensure that tracking error, measuring the differences in returns between the portfolio and the index, must be minimized in order that an index fund's objectives are not significantly compromised.
4 Chiang [1998] identifies the main factors driving index fund tracking error as transaction costs, fund cash flows, the treatment of dividends by the index, the volatility of the benchmark, corporate activity and index composition changes. The liquidity of the underlying index will also have implications for transaction costs and hence the tracking error incurred by index funds (Keim [1999] ). Consequently, tracking error in performance will be inherent in the management of index portfolios, leaving index managers with the dual objective of minimizing tracking error in performance as well as minimizing the costs incurred in tracking the index as closely as possible. Therefore a trade-off exists between tracking error minimization and transaction costs.
Transaction costs associated with trading in securities markets influence the ability of index mutual funds to replicate the performance of the index. The index itself is calculated as a 'paper' portfolio that assumes transactions can occur instantaneously, in unlimited quantities and without cost (Perold [1988] ensure index funds exhibit tracking error. The liquidity of stocks comprising the index also has implications for transaction costs, as full replication index funds require some proportion of fund assets to be invested in less liquid securities (Keim [1999] ).
Tracking error may also be related to changes in the composition of the index. These include index adjustments related to company additions and deletions, share changes and corporate restructuring. Periodical changes to the index can make it difficult for an index fund to exactly replicate the target benchmark return. Again, additional transaction costs are incurred, as changes in the composition of the index require passive funds to trade index securities in order to re-align their portfolios with the 'new' index. Depending on the relative size of the stocks entering and exiting the index (in terms of market capitalization), changes will require a number of odd-lot transactions in order to match the rebalanced index. The index manager also faces the additional challenge of executing orders at the best possible prices and in such a manner which minimizes the crystallization of capital gains tax liabilities to avoid significant erosion of returns. In the case of securities which are subject to corporate restructuring, such as a merger or takeover by another company outside the index, a timing delay may exist between the date when the index fund receives the cash settlement and the target firm is ultimately removed from the index. In addition, 'front-running' by 'risk arbitrageurs' (who acquire securities ahead of their inclusion in the index) may also have an undesirable impact (Beneish and Whaley [1996] ).
If an index fund is perfectly aligned with the index, ceteris paribus, index volatility should not result in tracking error. However, where index portfolios do not exactly mirror the benchmark, volatility of the index will induce tracking error for index funds. Indeed, the magnitude of tracking error should be directly related to the extent of volatility of the underlying securities comprising the index. Dividends may also cause tracking error in performance where there is a timing delay in their receipt as well as the index rules governing the treatment of dividends in the index. For example, if there is a timing delay between when the index incorporates the dividend (at the ex-dividend date) and the actual receipt of the dividend by the index fund (after the ex-dividend date), tracking error will be unavoidable. In the case of S&P 500 constituent securities, actual receipt of dividends can take as long as several weeks.
This 'dividend effect' may be minimized by index managers through participation in dividend reinvestment plans, however it is generally uncommon for S&P 500 constituent securities to distribute dividends in the form of new securities. Where an index assumes that dividends are 'smoothed', the dividend effect may cause index managers to incur tracking error in their performance.
While tracking error will be inherent in index fund performance, investors reasonably expect index fund returns will only underperform the underlying index by a similar magnitude to the management fees charged by mutual funds. Indeed, investors may consider index performance net of index fund charges to be a more optimal investment strategy than active management. There are a number of sound reasons why this philosophy may exist. Firstly, the overwhelming majority of performance evaluation studies over the last three-and-a-half decades have confirmed empirically the inability of active mutual funds to outperform market indices (for example, Elton et al. [1993] , Malkiel [1995] and Gruber [1996] ). Secondly, if active management incurs significantly higher transaction costs in executing the strategy (compared with passive management), then the higher expense ratios charged by active mutual funds will translate into lower after expenses returns to investors (see Keim and Madhavan [1998] ). In the third instance, the higher turnover exhibited by active funds has a potentially larger affect on future capital gains tax liabilities, which further diminishes after expenses and after tax performance.
ANALYSIS OF S&P 500 INDEX FUND TRACKING ERROR
The study uses a sample of 42 S&P 500 index mutual funds contained on the Morningstar Principia Pro CD-ROM in measuring tracking error. 6 The analysis period spans the five years to February 1999, and while relatively short, is limited due to data availability arising from the relative infancy of the index mutual fund market.
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The five-year time-frame maximizes both the number of funds included in the sample and the length of the evaluation horizon. Morningstar reports total monthly fund returns data (income and capital gains) after expenses. In order to estimate tracking error before expenses, the index fund returns have been adjusted with reference to the reported historical fund expenses ratios in order to approximate gross returns. 8 All S&P 500 index funds are classified by Morningstar as exhibiting a growth-andincome prospectus objective, which is consistent with a passive, style-neutral strategy.
Funds under management for the sample grew from $US18.0 billion as at December 1993 to more than $US161 billion as at February 1999, representing an approximate nine-fold increase. The two Vanguard index mutual funds included in the sample account for approximately $102 billion of total sample assets indexed to the S&P 500
at February 1999.
Roll [1992] , Pope and Yadav [1994] and Larsen and Resnick [1998] identify a number of ways in which tracking error can be measured. In this study, tracking error is measured using three methods. First, tracking error in month t is calculated as the absolute difference in returns of the index portfolio and benchmark index (e pt = R pt -R bt ), where the monthly average absolute tracking error over n months ( TE ) is defined as follows: ε it = random error term with expected mean of zero.
The dummy variable coefficients indicate the mean difference in index fund tracking error between January and each respective month. If tracking error is not significantly different across calendar months, the coefficients on the dummy variables will be close to zero and the F-statistic (measuring the joint significance of the dummy variable coefficients) will be statistically insignificant.
S&P 500 MUTUAL FUND RAW AND RISK-ADJUSTED PERFORMANCE
Mutual fund performance for active mutual funds is evaluated using a raw returns approach (method A) and three risk-adjusted performance models (methods B, C and D) where returns are measured in excess of the risk free rate (or return in excess of Tbills). These methodologies are described below:
The raw returns approach (ignoring risk adjustment in performance), which measures the contribution of value added or lost by the fund relative to the S&P 500; 
where α 4 measures a fund's risk-adjusted excess return with respect to the set of risk factors, defined as the S&P 500 (β SP ), two Prudential Bache indices controlling for market capitalization (β SL ) and growth-value strategies (β GV ), and a proxy for bond returns (β B ) using the Lehman Brothers Aggregate Bond Index. 10 Elton et al. [1993] and Elton et al. [1996a] 
The coefficient on the quadratic term is used to determine the market timing ability of an active mutual fund. The TMEGB model therefore provides a direct comparison between the security selection performances of index and active mutual funds.
Index mutual fund performance is measured using methods A and B only, as these methods represent the most appropriate performance methodologies with respect to an index fund's investment objectives. S&P 500 index funds attempt to replicate the performance of the S&P 500 and, as a consequence, do not exhibit style biases. In addition, index funds do not engage in market timing activities. Therefore, methodologies C and D are not appropriate performance models with which to assess index fund performance and are not considered in the analysis.
The performance of active and index mutual funds are evaluated after expenses. The study evaluates active funds classified by Morningstar within the large-capitalization category, as these funds are the most appropriate in directly comparing active fund performance relative to S&P 500 index funds. The analysis was also performed with reference to the Morningstar prospectus descriptions over time which permitted funds to be partitioned on the basis of the portfolio management approach adopted (full replication or non-replication) and the investment strategy adopted by active funds (aggressive growth, growth, growth and income, income).
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The Morningstar data set has the standard survivorship-bias problem contained in the vast majority of performance evaluation studies, where funds ceasing are excluded from the data records. Survivorship bias skews the results toward the more successful funds, as there is generally a higher attrition rate among the poor performers. There are a number of factors that may explain the seasonality phenomenon of tracking error for index mutual funds. 15 In particular, a 'dividend effect' may explain the sharp rises in tracking error for S&P 500 index funds immediately following the quarters ending March-June-September-December (although October's reversal is not as dramatic). An evaluation of the return component attributable to dividends over the sample period reveals quarterly peaks for the months preceding the quarter ends, namely February, May, August and November. 16 The month of May is particularly pronounced, followed by November, August and February respectively. Constituent dividend-paying securities in the S&P 500 are assumed to reinvest dividends at the ex-dividend date, however there is likely to be a time lag between the ex-dividend date and actual receipt of the dividend. Mutual funds may not receive dividend disbursements until several weeks later and potentially in the month following the exdividend date. Timing delays in the receipt of dividends makes perfect replication of the S&P 500 unachievable, and consequently tracking error arises.
An empirical examination of the role of dividend payments reveals strong statistical Additional explanations for index mutual fund tracking error may be related to S&P 500 index changes. These include company additions and deletions as well as quarterly Index Divisor adjustments required to update all common shares outstanding for constituent S&P 500 stocks. Standard & Poor's pre-announces amendments to the S&P 500, and index changes generally become effective up to five business days after the announcement. While this policy is aimed at easing order imbalances, index managers typically wait until the effective date before portfolio adjustments are made to reflect the 'new' S&P 500. Index additions and deletions are unlikely to follow a consistent seasonal pattern, as amendments are generally not predictable.
Theoretically, tracking error may be related to S&P 500 index changes. The magnitude of tracking error is likely to be dependent on the relative market capitalization weights of stocks added or removed from the S&P 500 in the period.
Tracking error for index mutual funds may also be significantly higher in January due to mutual fund flows. Large net cash flows require the index manager to rapidly engage in securities trading to avoid 'cash-drag', or tracking error induced by holding liquid assets and not stocks. Further, the existence of tax-related selling in December could also potentially drive the high tracking error recorded in the month of January. 17 Indeed, further research is warranted with respect to the determinants of tracking error in S&P 500 index fund performance.
Exhibit 3 presents the after expenses performance of active and index mutual funds.
As expected, index funds earn significantly negative raw and risk-adjusted excess returns, where the margin of underperformance is roughly equivalent to the average expense ratio. This is consistent with an index fund's performance objective net of expenses. In terms of performance comparison relative to active funds, Exhibit 3 indicates index mutual funds outperformed active mutual funds. The most appropriate performance measure for active funds is the Elton-Gruber-Blake [1996a] four-index model and the TMEGB performance attribution model. Systematic risk (β SP ) and the growth-value risk factor sensitivities (β GV ) are consistent with the investment strategies adopted by active mutual funds. In terms of risk-adjusted performance, the alphas estimated from the single index model (α 1 ) and the four-index model (α 4 ) both indicate the average active mutual fund significantly underperforms.
While index mutual funds also have significantly negative alpha (α 1 ), the magnitude of underperformance is approximately equal to the average expense ratio levied by index mutual funds (2.9 and 3.4 basis points per month for the 8-year and 5-year periods respectively). Interestingly, active funds with growth-and-income investment objectives (the same investment objective as S&P 500 index funds) record the worst performance of all active funds, and this result is consistent with Gruber's [1996] findings. Davis' [2001] recent study corroborates the conclusions reported in this paper, where the performance of active equity mutual funds was evaluated with respect to the Fama-French three-factor model. 18 After controlling for factor sensitivities related to the market portfolio, market capitalization and the ratio of book-to-market equity (or value/growth tilts), Davis [2001] also documents the inability of active funds to generate significantly positive risk-adjusted excess returns. securities. There are also likely to be other determinants that explain tracking error variation, including the size and timing of adjustments to the S&P 500 Index Divisor.
Future research is already well under way with respect to tracking error determinants and the existence of seasonality.
The results of this study concerning the performance of active mutual funds are consistent with the evidence presented in the literature. Active funds on average significantly underperform passive benchmarks. S&P 500 index mutual funds, on the basis of this research, earned higher risk-adjusted excess returns after expenses than large capitalization-oriented active mutual funds in the period examined. One may therefore conclude the S&P 500 is consistent with capital market efficiency. These findings strongly suggest an absence of economic benefit accruing to the average investor utilizing actively managed equity mutual funds. 23 game. The assumption is active and passive investors select stocks from the same basket of securities, with the only difference being their relative weighting. 2 Another specific example of the growth in indexing is the total assets invested in the Vanguard 500 Index Fund. The Vanguard 500 grew from around $2 billion to over $100 billion in the period 1990-2000 to become the second largest U.S. mutual fund. 3 Alternative approaches to full replication involve either 'stratified sampling' and 'optimization' portfolio strategies. Stratified sampling and optimized portfolios on the other hand are non-replication strategies designed to mimic the index through investment in a subset of index securities, while at the same time ensuring that the portfolio has similar risk and return characteristics as the index (e.g. risk attributes pertaining to size, industry and dividend yield). The portfolio technique employed by index managers will in part be dependent upon the liquidity of the underlying index. S&P 500 index mutual funds predominantly adopt a full replication approach. 4 Tracking error is also commonly expressed in terms of the volatility (standard deviation) of return differences between the fund and the index (see Roll [1992] ). 5 Transaction costs for index mutual funds include both explicit costs (brokerage and taxes) and implicit costs (market impact and market bid-ask spreads). Opportunity costs are non-existent for index funds, as passive funds do not engage in information-motivated trading (see Keim and Madhavan [1998] ). 6 The Morningstar data set has the standard survivorship-bias problem contained in the vast majority of performance evaluation studies. Funds ceasing to exist typically have their performance records removed from the database, as subscribing clients would find historical records of prior funds irrelevant. However, in terms of survivorship bias for index mutual funds, the bias is expected to be small for two reasons; (1) the limited evaluation period arising from the relative infancy of the index mutual fund market and (2) by virtue of the strategy employed by index funds. 7 While the Vanguard 500 index mutual fund was the first passively managed product offered to investors in 1976, the availability of these types of funds was extremely limited until the 1990's. The sample period adopted both maximized the number of funds included in the sample as well as providing a providing reasonable performance horizon for analysis. The criteria for inclusion of index mutual funds in the sample required availability of 60 continuous months of performance data in the 5-year period. Gruber's [1996] evaluation of index fund performance was similarly constrained due to index funds having relatively short performance histories. Gruber's evaluation period for index mutual funds was the five years 1990-1994. 8 Morningstar Inc. reports returns after expenses, which account for management fees, administration and 12b-1 fees and other asset-based costs, but excludes brokerage costs. Morningstar reports that mutual fund expense ratios are accrued on a daily basis, ensuring minimal daily effects to a fund's net asset value (NAV). 9 Roll [1992] notes, however, that if an index fund consistently outperforms the index by x percent per month, then the use of this method will result in zero tracking error. The converse is also the case. Pope and Yadav [1994] also warn of potential estimation bias in tracking error arising from the use of high frequency data (i.e. daily or weekly data). They show that negative serial correlation in tracking error can bias upwards the estimate of tracking error. The use of less frequent data (i.e. monthly) does not lead to significantly negative serial correlation in our analysis. 10 See Elton et al. [1996a] for an extensive description of the market capitalization, growth-value and bond indices used in their model. Our bond factor did not account for high-yield bonds. The fourindex model has similar proxies (albeit with an additional factor) to the Fama-French three-factor model. 11 Morningstar classifies equity mutual funds on the basis of a fund's self-reported investment objective (aggressive growth, growth, growth and income, income) and according to investment style. In terms of investment style, Morningstar ranks funds on the basis of market capitalization and valuation relative to the S&P 500 index. Investment style is then classified into a three-by-three matrix where market capitalization is represented on the vertical axis and valuation on the horizontal axis. Market capitalization is dichotomized into large, medium and small and the valuation category is split into value, growth and 'blend' (where blend is a combination of value and growth). The first criteria for inclusion in the sample required equity funds to be classified within the large-capitalization category. All S&P 500 index funds are categorized within Morningstar's large-blend category, hence it is most appropriate that active funds are also selected from the large-cap category. This is due to active funds in the large-cap category being more likely to hold a larger proportion of S&P 500 stocks in their portfolios. Second, each active fund's investment objective was evaluated to determine the appropriateness of applying the S&P 500 Index as a performance benchmark. Third, active funds were
